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motor-driven pumps operating in parallel as main oil pumps,
wherein even if at least one of the main oil pumps stops, the
other normally operating main oil pumps do not stop due to
overload of amotor. A lubricant system 7 comprises a hydrau-
lic pressure piping 9, a plurality of lubricant pumps 10
arranged in parallel, a plurality of AC motors 11 driving each
of the lubricant pumps 10, an error detector 24 detecting a
presence or absence of an error in an operating state of each of
the AC motors 11, a pressure loss addition unit 25 configured
to increase pressure loss in the hydraulic pressure piping 9,
and a controller 26 causing the pressure loss addition unit 25
to increase pressure loss when the error detector 24 detects an
error in at least one of the AC motors 11. When an error occurs
in at least one of the AC motors 11, the lubricant system 7
changes each working point of the lubricant pumps 10 driven
by another AC motor 11 to a lower flow side than that in a
steady operation.
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1
LUBRICANT SYSTEM

TECHNICAL FIELD

The present invention relates to a lubricant system having
a plurality of motor-driven pumps operating in parallel.

BACKGROUND ART

A steam turbine installed in a power generation facility
such as a nuclear power plant and a thermal power plant
requires lubricant to be continuously and stably supplied to
turbine bearings thereof for the purpose of steam turbine
protection. In light ofthis, a lubricant system is installed in a
power generation facility.

A conventional lubricant system has two motor-driven
pumps as main oil pumps, one for a service pump and one for
a standby pump. In addition, the lubricant system has a DC
motor-driven emergency pump for emergency use (for
example, see Patent Literature 1).

There has been known a cold and hot water pump apparatus
for use in an air conditioning facility including a plurality of
cold and hot water pumps operating in parallel and a two-way
valve controlling to a constant pressure on a discharge side of
each cold and hot water pump.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent [aid-Open No. 2005-
140082

Patent Literature 2: Japanese Patent [aid-Open No. 2000-
240586

SUMMARY OF INVENTION
Technical Problem

With a recent trend to large-sized steam turbines focusing
on power increase, the amount of lubricant required to lubri-
cate turbine bearings tends to increase. Thus, the lubricant
system requires a main oil pump to have a capacity large
enough to supply lubricant to the turbine bearings.

A possible problem with a large-sized main oil pump
includes an increase in vibration, and a deteriorated response
of the lubricant system caused by delayed pump activation
time due to increased moment of inertia of a rotation system,
or the like.

In light of this, in order to increase the amount of lubricant,
there is considered a lubricant system having a plurality of
main oil pumps operating in parallel, each main oil pump
having a small capacity (a flow of about 50% with respect to
arequired lubricant flow of 100%) instead of a large capacity.

However, the lubricant system having a plurality of main
oil pumps operating in parallel may cause a problem in that,
for example, when one of the main oil pumps stops due to an
error and the operation continues only with the other normal
pumps, a motor driving the normally operating main oil
pumps may stop due to overload. This is because when at least
one of the main oil pumps operating in parallel stops due to an
error, the other normally operating main oil pumps increase
flow according to the working point on a head-capacity curve
(pump characteristics represented by the relation between
flow and head) to balance the entire head of the lubricant
system, leading to an increase in power required for the
motor, and the power required for the motor exceeds a rated
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power. When the motor stops and the main oil pumps stop
discharging lubricant, the turbine bearings are not lubricated,
leading to damage of the steam turbine. The consideration of
an error occurring in the lubricant system having a plurality of
main oil pumps operating in parallel involves a need to exces-
sively increase the capacity of each main oil pump and power
of'the motor, which offsets the advantage of individual small-
sized main oil pumps by parallel operating main oil pumps.

Meanwhile, the cold and hot water pump apparatus pro-
viding each cold and hot water pump with a two-way valve
controlling to a constant pressure on a discharge side requires
a plurality of two-way valves to be independently controlled
for rated operation of each cold and hot water pump. In other
word, it is difficult to control the plurality of two-way valves
in a uniform and similar manner.

In view of this, the present invention proposes a lubricant
system having a plurality of motor-driven pumps operating in
parallel as main oil pumps, wherein even if at least one of the
main oil pumps stops, the other normally operating main oil
pumps do not stop due to overload of a motor.

Solution to Problem

In order to solve the above problems, a lubricant system
according to the present invention comprises: a hydraulic
pipeline; a plurality of pumps arranged parallel to the hydrau-
lic pipeline; a plurality of motors driving each of the pumps;
an error detector detecting a presence or absence of an error in
an operating state of each of the motors; a pressure loss
addition unit that increases pressure loss in the hydraulic
pipeline; and a controller causing the pressure loss addition
unit to increase pressure loss when an error is detected in at
least one of the motors by the error detector, wherein when an
error is detected in at least one of the motors, an working point
of the pump driven by another of the motors is changed to a
lower flow side than that in steady operation.

In a preferred embodiment of the lubricant system having
the above characteristics, the pressure loss addition unit may
bedisposed closerto a downstream side than a joining portion
on a discharge side of the plurality of pumps on the hydraulic
pipeline.

Further, the pressure loss addition unit may comprise: a
pressure regulating valve disposed in the hydraulic pipeline
on a downstream side of the pump; a valve actuating hydrau-
lic pipe communicatively connected to the hydraulic pipeline
closer to the pump side than the pressure regulating valve; a
valve actuation mechanism actuating the pressure regulating
valve by hydraulic pressure supplied from the valve actuating
hydraulic pipe; and a normally-closed solenoid valve dis-
posed in the valve actuating hydraulic pipe, wherein the con-
troller opens the solenoid valve to actuate the pressure regu-
lating valve by discharge pressure of the pump and causes the
pressure loss addition unit to increase pressure loss.

Further, the pressure loss addition unit may comprise: a
pressure regulating valve disposed in the hydraulic pipeline
on a downstream side of the pump; a gas tank storing high
pressure gas; a valve actuating pipe communicatively con-
nected to the gas tank; a valve actuation mechanism actuating
the pressure regulating valve by gas supplied from the valve
actuating pipe; and a normally-closed solenoid valve dis-
posed in the valve actuating pipe, wherein the controller
opens the solenoid valve to actuate the pressure regulating
valve by the gas pressure and causes the pressure loss addition
unit to increase pressure loss.

Furthermore, the pressure loss addition unit may comprise:
a pressure regulating valve disposed in the hydraulic pipeline
on a downstream side of the pump; a bypass pipe communi-
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catively connecting an upstream and a downstream of the
pressure regulating valve; and a normally-open solenoid
valve disposed in the bypass pipe, wherein the controller
closes the solenoid valve to close the bypass pipe and causes
the pressure loss addition unit to increase pressure loss.

Advantageous Effects of Invention

The present invention proposes a lubricant system having a
plurality of motor-driven pumps operating in parallel as main
oil pumps, wherein even if at least one of the main oil pumps
stops, the other normally operating main oil pumps do not
stop due to overload of a motor.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a system diagram illustrating a lubricant system
according to the present invention configured as a power
generation facility.

FIG. 2 is a system diagram illustrating the essential parts of
the lubricant system according to the present embodiment.

FIG. 3 is a graph illustrating characteristics of a lubricant
pump of the lubricant system according to the present
embodiment.

FIG. 4 is a system diagram illustrating another example of
the essential parts of the lubricant system according to the
present embodiment.

FIG. 5 is a system diagram illustrating still another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

FIG. 6 is a system diagram illustrating yet another example
of the essential parts of the lubricant system according to the
present embodiment.

FIG. 7 is a system diagram illustrating still yet another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

FIG. 8 is a system diagram illustrating yet still another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

FIG. 9 is a system diagram illustrating further another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

FIG. 10 is a system diagram illustrating further yet another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

FIG. 11 is a system diagram illustrating further still yet
another example of the essential parts of the lubricant system
according to the present embodiment.

DESCRIPTION OF EMBODIMENTS

Now, embodiments of the lubricant system according to
the present invention will be described by referring to FIGS.
1to11.

FIG. 1 is a system diagram illustrating a lubricant system
according to the present invention configured as a power
generation facility.

As illustrated in FIG. 1, a power generation facility 1 is
used in, for example, a nuclear power plant and a thermal
power plant. The power generation facility 1 comprises a
steam generator 3, a steam turbine 4, an electric generator 5,
and a lubricant system 7.

The steam generator 3 is used in, for example, a reactor in
anuclear power plant and a boiler in a thermal power plant to
generate steam as working fluid for operating the steam tur-
bine 4. The steam generated by the steam generator 3 is sent
to the steam turbine 4.

20

25

30

35

40

45

55

4

The steam turbine 4 is rotatably supported by the turbine
bearings 4a. The steam turbine 4 is rotatedly driven by the
steam supplied from the steam generator 3. The rotational
drive force of the steam turbine 4 is transmitted to the electric
generator 5. The electric generator 5 is rotatedly driven by the
steam turbine 4 to generate power.

The lubricant system 7 comprises an oil tank 8, a hydraulic
pressure piping 9 (hydraulic pipeline), a plurality of lubricant
pumps 10a, 105, and 10¢ (main oil pumps), AC motors 11a,
115, and 11c¢, an emergency lubricant pump 13, and a DC
motor 14. The lubricant system 7 supplies a lubricant 16 to the
turbine bearings 4a.

The oil tank 8 stores the lubricant 16 to be supplied to the
turbine bearings 4a of the steam turbine 4. The hydraulic
pressure piping 9 comprises a lubricant supply piping system
17 for guiding the lubricant 16 stored in the oil tank 8 to the
turbine bearings 4a; and a lubricant return piping system 18
for returning the lubricant 16 after being used to lubricate the
turbine bearings 4a back to the oil tank 8.

The lubricant pumps 10a, 105, and 10¢ are arranged mutu-
ally parallel to the lubricant supply piping system 17. The
lubricant pumps 10a, 105, and 10c¢ are directly connected to
and driven by the AC motors 11a, 115, and 11c¢ respectively.
Note that here three lubricant pumps 10a, 105, and 10c are
arranged in parallel, but two or more lubricant pumps may be
arranged in parallel.

The emergency lubricant pump 13 is arranged in parallel
together with the lubricant pumps 10a, 105, and 10c¢. The
emergency lubricant pump 13 is directly connected to and
driven by the DC motor 14. The DC motor 14 is connected to
an emergency DC power supply (unillustrated). The emer-
gency lubricant pump 13 is a backup pump for use in supply-
ing the lubricant 16 to the turbine bearings 4a instead of the
Iubricant pumps 10a, 105, and 10¢ when the lubricant pumps
104, 105, and 10c¢ are inoperable due to AC power loss of the
lubricant system or before the lubricant system is activated.

Each of the lubricant pumps 10a, 105, and 10c, and the
emergency lubricant pump 13 is made of, for example, a
centrifugal pump. In order to reduce the suction resistance,
the lubricant pumps 10a, 105, and 10c, and the emergency
Iubricant pump 13 are immersed in the lubricant 16 stored in
the oil tank 8. Note, however, that the lubricant pumps 10a,
105, and 10c¢, and the emergency lubricant pump 13 may be
provided outside the oil tank 8.

The lubricant supply piping system 17 comprises check
valves 20, an oil cooler 21, and a lubricant supply filter 22,
each check valve being provided on each outlet side of the
Iubricant pumps 10a, 105, and 10¢, and the emergency lubri-
cant pump 13.

In a steady operation of the lubricant system 7, the lubri-
cant 16 is discharged from the lubricant pumps 10a, 105, and
10c, passing through the lubricant supply piping system 17
from the check valves 20, the oil cooler 21, and the lubricant
supply filter 22 in that order, and is supplied to the turbine
bearings 4a. Subsequently, the lubricant 16 passes through
the lubricant return piping system 18 and returns to the oil
tank 8.

FIG. 2 is a system diagram illustrating the essential parts of
the lubricant system according to the present embodiment.

As illustrated in FIG. 2, the lubricant system 7 comprises:
an error detector 24 checking each operating state of the AC
motors 11a, 115, and 11c to see whether or not an error
occurs; a pressure loss addition unit 25 increasing pressure
loss of the lubricant supply piping system 17 of the hydraulic
pressure piping 9; and a controller 26 causing the pressure
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loss addition unit 25 to increase pressure loss when the error
detector 24 detects an error in at least one of the AC motors
11a, 115, and 11c.

The error detector 24 is disposed in the lubricant supply
piping system 17. The error detector 24 has pressure switches
28a, 28b, and 28¢ each being provided on an outlet side of the
lubricant pumps 10a, 105, and 10c respectively. The error
detector 24 determines whether or not an error occurs in the
AC motors 11a, 115, and 11¢ during operation by checking
each discharge pressure of the lubricant pumps 10qa, 105, and
10¢ detected by the pressure switches 28a, 285, and 28¢
respectively. Specifically, when the pressure on the discharge
side of the lubricant pump 10a detected by the pressure switch
28a is approximately the same as that of the oil tank 8, the
error detector 24 outputs an operation error signal of the AC
motor 11a. The other pressure switches 286 and 28¢ are
configured in the same manner as the pressure switch 28a.

The pressure loss addition unit 25 is disposed closer to the
downstream side than a joining portion on the discharge side
of the lubricant pumps 10a, 105, and 10c¢ in the lubricant
supply piping system 17. The pressure loss addition unit 25
comprises: a pressure regulating valve 30 disposed in the
Iubricant supply piping system 17; a bypass pipe 31 commu-
nicatively connecting an upstream and a downstream of the
pressure regulating valve 30; an orifice 32 disposed in the
bypass pipe 31; a valve actuating hydraulic pipe 33 commu-
nicatively connected to the hydraulic pressure piping 9 at a
position closer to the lubricant pumps 10a, 105, and 10¢ than
the pressure regulating valve 30; a valve actuation mechanism
34 actuating the pressure regulating valve 30 by hydraulic
pressure supplied from the valve actuating hydraulic pipe 33;
and a normally-closed solenoid valve 35 disposed in the valve
actuating hydraulic pipe 33. When the solenoid valve 35 is
opened, the pressure loss addition unit 25 actuates the valve
actuation mechanism 34 by discharge pressure of the lubri-
cant pumps 10a, 105, and 10c¢ to make a valve body (unillus-
trated) of the pressure regulating valve 30 closer to a valve
seat (unillustrated). Thus, the pressure loss of the pressure
loss addition unit 25 increases. An increase in pressure loss of
the pressure loss addition unit 25 also increases the pressure
loss of the entire lubricant supply piping system 17. The
pressure regulating valve 30 has a valve actuation mechanism
30a. The valve actuation mechanism 30a is connected to a
hydraulic pipe 17a branched from a secondary side (down-
stream side) of the pressure regulating valve 30 in the lubri-
cant supply piping system 17. Thus, the pressure regulating
valve 30 maintains constant pressure on the secondary side
(downstream side) during steady operation.

When an operation error signal is received from the error
detector 24, namely, when an error occurs in at least one of the
AC motors 11a, 115, and 11¢, the controller 26 opens the
solenoid valve 35 to cause the valve actuation mechanism 34
to actuate the pressure regulating valve 30 and causes the
pressure loss addition unit 25 to increase pressure loss. Spe-
cifically, for example, when an error occurs in the AC motor
11a, inresponse to an operation error signal inputted from the
pressure switch 28a, the controller 26 opens the solenoid
valve 35 to cause the pressure loss addition unit 25 to increase
pressure loss. Thus, the controller 26 changes each working
point of the lubricant pumps (e.g., the lubricant pumps 106
and 10¢) driven by the other AC motors (e.g., the AC motors
115 and 11c¢) respectively to a lower flow side than that in
steady operation to increase pressure loss of the lubricant
system 7, particularly pressure loss of the lubricant supply
piping system 17 so as not to allow the power required for the
other AC motors (e.g., the AC motors 115 and 11¢) to exceed
the rated power.
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FIG. 3 is a graph illustrating characteristics of a lubricant
pump of the lubricant system according to the present
embodiment.

Here, when attention is paid to the lubricant 16 supplied to
turbine bearings 4a by the lubricant pumps 104, 106, and 10c¢
or the emergency lubricant pump 13, the actual pump head of
the lubricant system 7 is represented by a actual pump head
Ha of the lubricant supply piping system 17, and the pressure
loss of the lubricant system 7 is represented by a total loss h of
the lubricant supply piping system 17.

As illustrated in FIG. 3, when all the lubricant pumps 10a,
105, and 10c¢ are operating normally, a load curve (solid line
A in FIG. 3) of the lubricant system 7 represented by the
Iubricant supply piping system 17 and a head-capacity curve
(solid line B in FIG. 3) as the entire lubricant pumps 10 are
crossed at an working point NO. At this time, the total head H
as the entire lubricant pumps 10 corresponds to a sum of the
actual pump head Ha ofthe lubricant supply piping system 17
and the total loss h. A total discharge flow rate Q as the entire
Iubricant pumps 10 corresponds to a sum of each of the
discharge flow rates Q1, Q2, and Q3 of the lubricant pumps
10a, 105, and 10c respectively.

Then, when at least one of the lubricant pumps 10a, 105,
and 10c, for example, the lubricant pump 10a stops, the
head-capacity curve (solid line C in FIG. 3) as the entire
Iubricant pumps 10 including the lubricant pumps 1056 and
10c¢ during error operation moves to a low flow side.

At this time, in a conventional lubricant system, the load
curve (solid line A in FIG. 3) and the head-capacity curve
(solid line C in FIG. 3) are crossed at an working point Nf. At
the working point Nf; the discharge flow rate per one of the
Iubricant pumps 106 and 10c increases in comparison with
the discharge flow rate during normal operation and thus the
power required for the AC motors 115 and 11¢ to drive the
Iubricant pumps 105 and 10c also increases.

In light of this, the lubricant system 7 according to the
present embodiment is configured such that when the error
detector 24 detects an error in the lubricant pump 10aq, the
controller 26 drives the pressure loss addition unit 25 to
increase the pressure loss of the lubricant supply piping sys-
tem 17 so as to change the load curve (solid line D in FIG. 3)
of the lubricant system 7 to a low flow side.

Then, the load curve (solid line D in FIG. 3) of the lubricant
system 7 in which the pressure loss increases and the head-
capacity curve (solid line C in FIG. 3) as the entire lubricant
pumps 10 during error operation are crossed at an working
point N1. At this time, the total head H as the entire lubricant
pumps 10 corresponds to the sum of the actual pump head Ha
and the total loss h of the lubricant supply piping system 17.
Each discharge flow rate of the lubricant pumps 105 and 10¢
is adjusted to, for example, about a discharge flow rate of Q2
and Q3 respectively during normal operation. Note that each
discharge flow rate ofthe lubricant pumps 105 and 10c¢ during
normal operation may be adjusted to a discharge flow rate of
less than Q2 and Q3 respectively during normal operation.

Note that the foregoing description of the lubricant system
7 according to the present embodiment focuses on three lubri-
cant pumps 10 operating in parallel, but when two or more
lubricant pumps 10 operate in parallel, the pressure loss addi-
tion unit 25 may control the pressure loss (the number of
lubricant pumps 10 minus one in steps).

FIG. 4 is a system diagram illustrating another example of
the essential parts of the lubricant system according to the
present embodiment.

In the lubricant system 7A according to the present
embodiment, the same reference numeral or character is
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assigned to a component having the same configuration as
that in the lubricant system 7 and the duplicate description is
omitted.

As illustrated in FIG. 4, a lubricant system 7A has an error
detector 24A including ammeters 37a, 375, and 37¢ which
are disposed in AC motors 11a, 115, and 11¢ to measure each
current value of the AC motors 11a, 115, and 11crespectively.
The error detector 24 A detects whether or not an error occurs
in the AC motors 11a, 115, and 11¢ during operation by
checking each current value of the AC motors 114, 115, and
11c¢ detected by the ammeters 37a, 37b, and 37¢ respectively.

When at least one current value of the AC motors 114, 115,
and 11c¢ detected by the error detector 24A is approximately
0 A, the controller 26A opens the solenoid valve 35 to cause
the valve actuation mechanism 34 to drive the pressure regu-
lating valve 30 to cause the pressure loss addition unit 25 to
increase the pressure loss. Specifically, when an error occurs,
for example, in the AC motor 11a, based on the current value
(approximately 0 A) of the ammeter 374, the controller 26 A
opens the solenoid valve 35 to cause the pressure loss addition
unit 25 to increase the pressure loss. Thus, the controller 26 A
changes each working point of the lubricant pumps (e.g., the
Iubricant pumps 106 and 10c¢) driven by the other AC motors
(e.g., the AC motors 115 and 11c¢) respectively to a lower flow
side than that in steady operation to increase pressure loss of
the lubricant system 7A, particularly pressure loss of the
Iubricant supply piping system 17 so as not to allow the power
required for the other AC motors (e.g., the AC motors 115 and
11¢) to exceed the rated power.

FIG. 5 is a system diagram illustrating still another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

In the lubricant system 7B according to the present
embodiment, the same reference numeral or character is
assigned to a component having the same configuration as
that in the lubricant system 7 and the duplicate description is
omitted.

As illustrated in FIG. 5, a lubricant system 7B has an error
detector 24B including tachometers 39a, 395, and 39¢ which
are disposed in AC motors 11a, 115, and 11¢ to measure each
rotation speed of the AC motors 11a, 115, and 11¢. The error
detector 24B detects whether or not an error occurs in the AC
motors 11a, 115, and 11¢ during operation by checking each
rotation speed of the AC motors 11a, 115, and 11¢ detected by
the tachometers 39a, 395, and 39c¢.

When at least one rotation speed of the AC motors 11a,
1154, and 11c¢ detected by the error detector 24B is approxi-
mately O rpm, the controller 26B opens the solenoid valve 35
to cause the valve actuation mechanism 34 to drive the pres-
sure regulating valve 30 to cause the pressure loss addition
unit 25 to increase the pressure loss. Specifically, when an
error occurs, for example, in the AC motor 11a, based on the
rotation speed (approximately O rpm) of the tachometer 39a,
the controller 26B opens the solenoid valve 35 to cause the
pressure loss addition unit 25 to increase the pressure loss.
Thus, the controller 26B changes each working point of the
lubricant pumps (e.g., the lubricant pumps 105 and 10c)
driven by the other AC motors (e.g., the AC motors 115 and
11c¢) respectively to a lower flow side than that in steady
operation to increase pressure loss ofthe lubricant system 7B,
particularly pressure loss of the lubricant supply piping sys-
tem 17 so as not to allow the power required for the other AC
motors (e.g., the AC motors 1156 and 11¢) to exceed the rated
power.

FIG. 6 is a system diagram illustrating yet another example
of the essential parts of the lubricant system according to the
present embodiment.
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In the lubricant system 7C according to the present
embodiment, the same reference numeral or character is
assigned to a component having the same configuration as
that in the lubricant system 7 and the duplicate description is
omitted.

As illustrated in FIG. 6, the pressure loss addition unit 25A
of the lubricant system 7C comprises: a pressure regulating
valve 30 disposed in the lubricant supply piping system 17; a
bypass pipe 31 communicatively connecting an upstream and
a downstream of the pressure regulating valve 30; an orifice
32 disposed in the bypass pipe 31; a gas tank 41 storing high
pressure gas; a valve actuating pipe 42 communicatively con-
nected to the gas tank 41; a valve actuation mechanism 34A
actuating the pressure regulating valve 30 by gas supplied
from the valve actuating pipe 42; and a normally-closed sole-
noid valve 35A disposed in the valve actuating pipe 42. When
the solenoid valve 35A is opened, the pressure loss addition
unit 25A drives the valve actuation mechanism 34A by the
pressure of the gas stored in the gas tank 41 to cause a valve
body of the pressure regulating valve 30 to be close to a valve
seat. Thus, the pressure loss of the pressure loss addition unit
25A increases. An increase in pressure loss of the pressure
loss addition unit 25A also increases the pressure loss of the
entire lubricant supply piping system 17.

When an operation error signal is received from the error
detector 24, namely, when an error occurs in at least one of the
AC motors 11a, 115, and 11¢, the controller 26C opens the
solenoid valve 35A to cause the valve actuation mechanism
34A to actuate the pressure regulating valve 30 and to cause
the pressure loss addition unit 25A to increase pressure loss.
Specifically, for example, when an error occurs in the AC
motor 11a, in response to an operation error signal inputted
from the pressure switch 28a, the controller 26C opens the
solenoid valve 35A to cause the pressure loss addition unit
25A to increase pressure loss. Thus, the controller 26C
changes each working point of the lubricant pumps (e.g., the
Iubricant pumps 1056 and 10c¢) driven by the other AC motors
(e.g., the AC motors 115 and 11¢) respectively to a lower flow
side than that in steady operation to increase pressure loss of
the lubricant system 7C, particularly pressure loss of the
lubricant supply piping system 17 so as not to allow the power
required for the other AC motors (e.g., the AC motors 115 and
11c¢) to exceed the rated power.

FIG. 7 is a system diagram illustrating still yet another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

In the lubricant system 7D according to the present
embodiment, the same reference numeral or character is
assigned to a component having the same configuration as
that in the lubricant system 7C and the duplicate description
is omitted.

As illustrated in FIG. 7, the lubricant system 7D uses the
error detector 24A instead of the error detector 24 of the
lubricant system 7C. Specifically, the error detector 24 A of
the lubricant system 7D includes ammeters 37a, 375, and 37¢
which are disposed in AC motors 11a, 115, and 11¢ to mea-
sure each current value of the AC motors 11a, 115, and 11¢
respectively. The error detector 24 A detects whether or not an
error occurs in the AC motors 11a, 115, and 11c¢ during
operation by checking each current value of the AC motors
11a,115, and 11¢ detected by the ammeters 37a, 375, and 37¢
respectively.

When at least one current value of the AC motors 114, 115,
and 11c¢ detected by the error detector 24A is approximately
0 A, the controller 26D opens the solenoid valve 35A to cause
the valve actuation mechanism 34A to drive the pressure
regulating valve 30 to cause the pressure loss addition unit
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25A to increase the pressure loss. Specifically, when an error
occurs, for example, in the AC motor 11a, based on the
current value (approximately 0 A) of the ammeter 374, the
controller 26D opens the solenoid valve 35A to cause the
pressure loss addition unit 25A to increase the pressure loss.
Thus, the controller 26D changes each working point of the
lubricant pumps (e.g., the lubricant pumps 105 and 10c)
driven by the other AC motors (e.g., the AC motors 115 and
11c¢) respectively to a lower flow side than that in steady
operation to increase pressure loss of the lubricant system 7D,
particularly pressure loss of the lubricant supply piping sys-
tem 17 so as not to allow the power required for the other AC
motors (e.g., the AC motors 1156 and 11¢) to exceed the rated
power.

FIG. 8 is a system diagram illustrating yet still another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

In the lubricant system 7E according to the present
embodiment, the same reference numeral or character is
assigned to a component having the same configuration as
that in the lubricant system 7C and the duplicate description
is omitted.

As illustrated in FIG. 8, the lubricant system 7E uses the
error detector 24B instead of the error detector 24 of the
lubricant system 7C. Specifically, the error detector 24B of
the lubricant system 7E includes tachometers 39a, 395, and
39¢ which are disposed in AC motors 11a, 115, and 11c¢ to
measure each rotation speed of the AC motors 11a, 115, and
11c. The error detector 24B detects whether or not an error
occurs in the AC motors 11a, 115, and 11¢ during operation
by checking each rotation speed of the AC motors 11a, 115,
and 11c¢ detected by the tachometers 39a, 3954, and 39c.

When at least one rotation speed of the AC motors 11a,
1154, and 11c¢ detected by the error detector 24B is approxi-
mately O rpm, the controller 26E opens the solenoid valve
35A to cause the valve actuation mechanism 34A to drive the
pressure regulating valve 30 to cause the pressure loss addi-
tion unit 25A to increase the pressure loss. Specifically, when
an error occurs, for example, in the AC motor 11a, based on
the rotation speed (approximately 0 rpm) of the tachometer
394, the controller 26F opens the solenoid valve 35A to cause
the pressure loss addition unit 25A to increase the pressure
loss. Thus, the controller 26E changes each working point of
the lubricant pumps (e.g., the lubricant pumps 105 and 10¢)
driven by the other AC motors (e.g., the AC motors 115 and
11c¢) respectively to a lower flow side than that in steady
operation to increase pressure loss of the lubricant system 7E,
particularly pressure loss of the lubricant supply piping sys-
tem 17 so as not to allow the power required for the other AC
motors (e.g., the AC motors 1156 and 11¢) to exceed the rated
power.

FIG. 9 is a system diagram illustrating further another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

Inthe lubricant system 7F according to the present embodi-
ment, the same reference numeral or character is assigned to
a component having the same configuration as that in the
lubricant system 7 and the duplicate description is omitted.

As illustrated in FIG. 9, the pressure loss addition unit 25B
of the lubricant system 7F comprises: a pressure regulating
valve 30 disposed in the lubricant supply piping system 17; a
bypass pipe 31 communicatively connecting an upstream and
a downstream of the pressure regulating valve 30; an orifice
32 disposed in the bypass pipe 31; a pressure loss control
bypass pipe 43 which is disposed in parallel to the bypass pipe
31 to communicatively connect an upstream and a down-
stream of the pressure regulating valve 30; an orifice 44
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disposed in the pressure loss control bypass pipe 43; and a
normally-open solenoid valve 45 disposed in the pressure loss
control bypass pipe 43. When the solenoid valve 45 is closed,
the pressure loss addition unit 25B closes the piping system
including the pressure loss control bypass pipe 43 and the
orifice 44. Thus, the pressure loss of the pressure loss addition
unit 25B increases. An increase in pressure loss of the pres-
sure loss addition unit 25B also increases the pressure loss of
the entire lubricant supply piping system 17.

When an operation error signal is received from the error
detector 24, namely, when an error occurs in at least one of the
AC motors 11a, 1154, and 11c, the controller 26F closes the
solenoid valve 45 to cause the pressure loss addition unit 25B
to increase pressure loss. Specifically, for example, when an
error occurs in the AC motor 114, in response to an operation
error signal inputted from the pressure switch 28a, the con-
troller 26F closes the solenoid valve 45 cause the pressure
loss addition unit 25B to increase pressure loss. Thus, the
controller 26F changes each working point of the lubricant
pumps (e.g., the lubricant pumps 106 and 10¢) driven by the
other AC motors (e.g., the AC motors 115 and 11c¢) respec-
tively to a lower flow side than that in steady operation to
increase pressure loss of the lubricant system 7F, particularly
pressure loss of the lubricant supply piping system 17 so as
not to allow the power required for the other AC motors (e.g.,
the AC motors 115 and 11c¢) to exceed the rated power.

FIG. 10 is a system diagram illustrating further yet another
example of the essential parts of the lubricant system accord-
ing to the present embodiment.

In the lubricant system 7G according to the present
embodiment, the same reference numeral or character is
assigned to a component having the same configuration as
that in the lubricant system 7F and the duplicate description is
omitted.

As illustrated in FIG. 10, the lubricant system 7G uses the
error detector 24A instead of the error detector 24 of the
lubricant system 7F. Specifically, the error detector 24 A of the
lubricant system 7G includes ammeters 37a, 37b, and 37¢
which are disposed in AC motors 11a, 115, and 11¢ to mea-
sure each current value of the AC motors 11a, 115, and 11¢
respectively. The error detector 24 A detects whether or not an
error occurs in the AC motors 11a, 115, and 11c¢ during
operation by checking each current value of the AC motors
11a,115, and 11¢ detected by the ammeters 37a, 375, and 37¢
respectively.

When at least one current value of the AC motors 114, 115,
and 11c¢ detected by the error detector 24A is approximately
0 A, the controller 26G closes the solenoid valve 45 to cause
the pressure loss addition unit 25B to increase the pressure
loss. Specifically, when an error occurs, for example, in the
AC motor 11a, based on the current value (approximately O
A) ofthe ammeter 374, the controller 26G closes the solenoid
valve 45 to cause the pressure loss addition unit 25B to
increase the pressure loss. Thus, the controller 26G changes
each working point of the lubricant pumps (e.g., the lubricant
pumps 1056 and 10¢) driven by the other AC motors (e.g., the
AC motors 115 and 11¢) respectively to a lower flow side than
that in steady operation to increase pressure loss of the lubri-
cant system 7G, particularly pressure loss of the lubricant
supply piping system 17 so as not to allow the power required
for the other AC motors (e.g., the AC motors 115 and 11¢) to
exceed the rated power.

FIG. 11 is a system diagram illustrating further still yet
another example of the essential parts of the lubricant system
according to the present embodiment.

In the lubricant system 7H according to the present
embodiment, the same reference numeral or character is
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assigned to a component having the same configuration as
that in the lubricant system 7F and the duplicate description is
omitted.

As illustrated in FIG. 11, the lubricant system 7H uses the
error detector 24B instead of the error detector 24 of the
lubricant system 7F. Specifically, the error detector 24B of the
lubricant system 7H includes tachometers 39a, 395, and 39¢
which are disposed in AC motors 11a, 115, and 11¢ to mea-
sure each rotation speed of the AC motors 11a, 115, and 11c.
The error detector 24B detects whether or not an error occurs
in the AC motors 11a, 115, and 11¢ during operation by
checking each rotation speed of the AC motors 11a, 115, and
11c¢ detected by the tachometers 394, 395, and 39c.

When at least one rotation speed of the AC motors 11a,

5

1154, and 11c¢ detected by the error detector 24B is approxi- 15

mately O rpm, the controller 26H closes the solenoid valve 45
to cause the pressure loss addition unit 25B to increase the
pressure loss. Specifically, when an error occurs, for example,
in the AC motor 114, based on the rotation speed (approxi-
mately O rpm) of the tachometer 39a, the controller 26H
closes the solenoid valve 45 to cause the pressure loss addi-
tion unit 25B to increase the pressure loss. Thus, the control-
ler 26H changes each working point of the lubricant pumps
(e.g., the lubricant pumps 105 and 10¢) driven by the other AC
motors (e.g., the AC motors 115 and 11c¢) respectively to a
lower flow side than that in steady operation to increase
pressure loss of the lubricant system 7H, particularly pressure
loss of the lubricant supply piping system 17 so as not to allow
the power required for the other AC motors (e.g., the AC
motors 115 and 11c¢) to exceed the rated power.

As thus configured, the lubricant systems 7, 7A, 7B, 7C,
7D, 7E, 7F, 7G, and 7H according to the present embodiment
include the lubricant pumps 10 operating in parallel. Even if
an error occurs in at least one of the lubricant pumps 10, the
systems continue operation of the other normal lubricant
pumps 10 without overloading the AC motors 11 driving the
Iubricant pumps 10. In other word, the lubricant systems 7,
7A, 7B, 7C, 7D, 7E, 7F, 7G, and 7H enable small capacity
lubricant pumps to be adopted by parallel operating the lubri-
cant pumps 10 to solve the problem with a large-sized lubri-
cant pump of the conventional lubricant system.

Further, in response to an error in a lubricant pump 10, the
lubricant systems 7, 7A, 7B, 7C, 7D, 7E, 7F, 7G, and 7TH
increase each pressure loss ofthe lubricant systems 7, 7A, 7B,
7C, 7D, 7E, 7F, 7G, and 7TH respectively to reliably enable the
continued operation of the normally operating lubricant
pumps 10. That is, the lubricant systems 7, 7A, 7B, 7C, 7D,
7E, 7F, 7G, and 7H provide sufficient advantages in adopting
small capacity lubricant pumps.

Thus, the steam turbine 4 having one of the lubricant sys-
tems 7, 7A, 7B, 7C, 7D, TE, 7F, 7G, and 7H provides reliable
and continued lubrication of the turbine bearing 4a, thus
remarkably reducing the possibility of damage.

Thus, the lubricant systems 7, 7A, 7B, 7C, 7D, 7E, 7F, 7G,
and 7H according to the present embodiment has a plurality of
lubricant pumps 10 operating in parallel, wherein even if at
least one of the lubricant pumps 10 stops, the other normally
operating lubricant pumps 10 do not stop due to overload of
an AC motor 11.

The invention claimed is:

1. A lubricant system comprising:

a hydraulic pipeline;

a plurality of pumps arranged parallel to the hydraulic

pipeline;

a plurality of motors, each driving one of the pumps;

an error detector detecting a presence or absence of an error

in an operating state of each of the motors;
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a pressure loss addition unit that increases pressure loss in
the hydraulic pipeline; and

wherein the pressure loss addition unit increases pressure
loss when an error is detected in at least one of the
motors by the error detector, wherein

when an error is detected in at least one of the motors, a
working point on a head capacity curve of pumps driven
by the other motors is changed from a normal flow rate
point in steady operation to a lower flow rate point deter-
mined depending on the pressure loss increased by the
pressure loss addition unit.

2. The lubricant system according to claim 1, wherein the
pressure loss addition unit is disposed closer to a downstream
side than a joining portion on a discharge side of the plurality
of pumps on the hydraulic pipeline.

3. The lubricant system according to claim 1, wherein

the pressure loss addition unit comprises:

a pressure regulating valve disposed in the hydraulic pipe-

line on a downstream side of the plurality of pumps;

a valve actuating hydraulic pipe communicatively con-
nected to the hydraulic pipeline closer to the pumps than
the pressure regulating valve;

a valve actuation mechanism actuating the pressure regu-
lating valve by hydraulic pressure supplied from the
valve actuating hydraulic pipe; and

a normally-closed solenoid valve disposed in the valve
actuating hydraulic pipe, wherein

the solenoid valve is opened to actuate the pressure regu-
lating valve by discharge pressure of the plurality of
pumps and the pressure loss addition unit increases pres-
sure loss.

4. The lubricant system according to claim 1, wherein

the pressure loss addition unit comprises:

a pressure regulating valve disposed in the hydraulic pipe-
line on a downstream side of the pumps;

a gas tank storing high pressure gas;

a valve actuating pipe communicatively connected to the
gas tank;

a valve actuation mechanism actuating the pressure regu-
lating valve by gas supplied from the valve actuating
pipe; and

a normally-closed solenoid valve disposed in the valve
actuating pipe, wherein

the solenoid valve opens to actuate the pressure regulating
valve by the gas pressure and the pressure loss addition
unit increases pressure loss.

5. The lubricant system according to claim 1, wherein

the pressure loss addition unit comprises:

a pressure regulating valve disposed in the hydraulic pipe-
line on a downstream side of the pumps;

a bypass pipe communicatively connecting an upstream
and a downstream of the pressure regulating valve; and

a normally-open solenoid valve disposed in the bypass
pipe, wherein

the solenoid valve closes the bypass pipe and the pressure
loss addition unit increases pressure loss.

6. The lubricant system according to claim 1, wherein the
error detector includes a pressure switch detecting a presence
or absence of discharge pressure of the pumps.

7. The lubricant system according to claim 1, wherein the
error detector includes an ammeter detecting current flowing
in each of the motors.

8. The lubricant system according to claim 1, wherein the
error detector includes a tachometer detecting a rotation
speed of each of the motors.
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